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^ (54) Title: SYSTEM AND METHOD FOR PEAK POWER REDUCTION IN MULTIPLE CARRIER COMMUNICATIONS S YS- 

fT> TEMS 

ON 

^ (57) Abstract: A system and method for signal peak reduction in a multiple carrier communication system where the individual 
^ carriers are produced from input symbols that are filtered to reduce individual carrier bandwidths. offset in frequency, and combined 

into an output signal. A multiple carrier peak reduction unit (12) is provided which modifies the input carrier symbols so that the 
^ c °mbined output signal does not exceed a predetermined peak limit value. The multiple carrier peak reduction unit includes tiller 

predictors (54) that predict the effect of each channel filter (30) on that carriers input symbols by using filter coefficient values corre- 
O sponding to the impulse response function of each tiller (30). The filler predictor outputs are then phase shifted, in correspondence 
^ to frequency offsets provided for in multiple carrier signal generation, and combined to produce a prediction of the combined signal 
^ output which is then processed to determine the corrections required to the individual channel symbol inputs. 
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SYSTEM AND METHOD FOR PEAK POWER REDUCTION IN 
MULTIPLE CARRIER COMMUNICATIONS SYSTEMS 

RELATED APPLICATION INFORMATION 

The present application claims priority under 35 USC 119 (e) of 
provisional application serial no. 60/212,892 filed June 20, 2000, the 
disclosure of which is incorporated herein by reference in its entirety. 



BACKGROUND OF THE INVENTION 

10 

1. Field of the Invention 

The present invention relates to wireless communications systems and 
signal processing apparatus employed in wireless communications systems. 
More particularly, the present invention relates to communications systems 
15 that transmit simultaneously on multiple carriers. 

2. Background of the Prior Art and Related Information 

Wireless communications systems employing transmission between 
base stations and remote users are a key component of the modern 

20 communications infrastructure. These wireless systems are being placed 
under increasing performance demands which are taxing the capability of 
available equipment, especially wireless base station equipment. These 
increasing performance demands are due to both the increasing numbers of 
users within a given wireless region, as well as the bandwidth requirements 

25 allocated to wireless system service providers. The increasing number of 
wireless users is of course readily apparent and this trend is unlikely to slow 
due to the convenience of wireless services. The second consideration is 
largely due to the increased types of functionality provided by wireless 
systems, such as wireless Internet access and other forms of wireless data 

30 transfer over such systems. These considerations have resulted in a need for 
more carriers operating from each transmitting location of a wireless service 
network. 
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When transmitting, multiple carriers from a single location, it is 
advantageous to combine carriers as early in the signal generation process as 
possible. By doing so, the transmitting location can reduce the number of 
antennas, low loss cables and power amplifiers. The ultimate goal is to 
combine individual channels with digital signal processing before RF signal 
generation. In some multiple carrier systems like OFDM (orthogonal 
frequency division multiple access), it is best to combine carriers with digital 
signal processing in order to maintain the required orthogonal carrier 
characteristics. , , , 



An example of a prior art multiple carrier signal generator is shown in 
Figure 1. Information symbol streams are input from the individual carrier 
data handling systems. These symbols are generally complex valued data 
points that represent one or more information data bits to be transmitted. The 
symbol streams are then upsampled to a higher sample rate by inserting 
equally time spaced zero valued samples between the input symbols. The 
upsampled symbol streams are then passed through baseband filters to 
create the individual carrier baseband signal waveforms. After the individual 
carrier baseband signals are created, each carrier is offset in frequency and 
combined producing a multiple carrier communication signal. This signal is 
then digital-to-analog converted and up-converted in frequency to the desired 
operating bandwidth. 

A problem exists, however, with the above multiple carrier generation 
process. Individual carriers in the above process obey power statistics that 
are a function of the symbol generation process used and the baseband filter 
impulse response function characteristics. These individual carrier power 
statistics are generally described by the carrier power complementary 
cumulative probability density function (CCDF), and from that function, the 
signal power peak-to-average ratio. Signals with high peak-to-average ratios 
create problems in digital-to-analog conversion, RF signal generation, and RF 
power amplification. Even if the peak-to-average power ratios of individual 
carriers is low, or can be maintained below a maximum level using signal- 
processing algorithms, combining these multiple carriers may produce high 
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peak-to-average ratios. These high multi-carrier peak-to-average ratios once 
again cause problems in digital-to-analog conversion, RF signal generation, 
and RF power amplification. 

5 Signals with high peak-to-average ratios cause the following problems 

in communications systems. First, the number of significant digits used to 
calculate the signal must be large enough to maintain adequate signal 
resolution when the signal is both very large and very small. Second, at the 
output of the digital signal processor are digital-to-analog converters. To 

10 accommodate a digital signal with a high peak-to-average ratio, high bit count 
digital-to-analog converters must be used so that both large and small values 
can be generated. If this is not done the output signal will have a poor output 
signal-to-noise ratio. Finally, signals with high peak-to-average ratios require 
very linear analog, IF, RF and RF power amplifier circuits. Without these very 

15 linear circuits, distortion products are generated at frequencies outside the 
government allocated bandwidth of the wireless system license. Such highly 
linear circuits are expensive, however, and add considerable cost to the 
system. 



20 Accordingly, a problem presently exists in multiple carrier 

communication systems due to large peak-to-average power ratios occurring 
after carrier combination. 



SUMMARY OF THE INVENTION 

25 

The present invention provides a system and method for signal peak 
reduction in a multiple carrier communication system where the individual 
carriers are produced from input upsampled symbols that are filtered to 
reduce individual carrier bandwidths, offset in frequency, and combined into 
30 an output signal. 

In a first aspect, the present invention provides a multi-carrier 
communication system. The multi-carrier communication system comprises a 
plurality of separate carrier signal sources, each providing symbols 

3 
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corresponding to one or more data channels. A peak reduction stage is 
coupled to receive the plurality of separate carrier symbols and outputs peak 
reduced symbols for each carrier based on the effect of the other carriers. A 
frequency offset stage is provided for shifting the frequency of each carrier 
signal and a combining stage combines the frequency shifted carrier signals 
into a multi-carrier signal. An RF up conversion stage may be configured 
before or after the combining stage. Also, a digital-to-analog conversion stage 
for converting carrier symbols to analog signals may be configured before or 
after the combining stage. 



10 



The peak reduction stage preferably comprises a phase shift circuit 
providing a separate frequency offset output for each carrier, a summing 
circuit summing the frequency offset outputs, an algorithm processor receiving 
the output of the summing circuit and calculating symbol adjustment values 

15 based on the output of the summing circuit and a peak power limit value, and 
a combining circuit combining symbol adjustment values and input carrier 
symbols. The multi-carrier communication system of the present invention, 
may further comprise a plurality of filters equal to the number of separate 
carriers coupled to the output of the peak reduction stage. In such an 

20 embodiment, the peak reduction stage preferably further comprises a filter 
predictor for each filter, wherein the filter predictor outputs are provided to the 
phase shift circuit. 



In a further aspect the present invention provides a multi-carrier 
25 communication system, comprising a plurality of separate carrier signal 
sources, each providing a stream of carrier symbols corresponding to one or 
more data channels A plurality of filters equal to the number of separate 
carriers each provides a filtering operation based on a filter impulse response 
function. A peak reduction unit is coupled between the plurality of carrier 
30 signal sources and the plurality of filters and receives the carrier symbols from 
the plural carrier signal sources. The peak reduction unit includes a plurality of 
filter predictors which provide predicted filtered outputs for each of the plurality 
of filters using filter coefficient values corresponding to samples of the filter 
impulse response function of each of the filters. The peak reduction unit 

4 
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further includes a peak reduction algorithm circuit block for receiving the 
predicted filtered outputs and determining peak reduction values for each 
stream of carrier symbols, and a plurality of combiners combining the peak 
reduction values and carrier symbols and providing peak adjusted carrier 
5 symbols. The peak reduction unit may further comprise a plurality of delay 
circuits for delaying the carrier symbols so that the plurality of combiners 
receive the peak reduction values and the carrier symbols on a symbol-by- 
symbol basis in a time synchronized manner. The multi-carrier communication 
system further comprises a plurality of frequency offset circuits equal in 
10 number to the plurality of separate carrier signals and a carrier combiner for 
combining the outputs from the plural frequency offset circuits to provide a 
multi-carrier output. 

The multi-carrier communication system may further comprise a digital- 
15 to-analog converter for converting the multi-carrier output to a multi-carrier 
analog signal and an RF mixer for mixing the multi-carrier analog signal with 
an RF carrier and providing a multi-carrier RF output. A plurality of up 
sampling circuits, coupled between the peak reduction unit and each of the 
filters, may also be provided for increasing the sampling rate of the peak 
20 adjusted carrier symbols prior to filtering. The up sampled symbols are then 
filtered at the up sampled filter rate. 

A number of other features and different embodiments may also be 
provided. For example, at least some of the filters may employ different 

25 impulse response functions and the filter predictors receive filter coefficients 
corresponding to the different filter impulse response functions. The peak 
reduction unit may comprise a plurality of weighting circuits for weighting the 
peak reduction values based on the instantaneous power of each carrier. 
Each of the combiners may comprise a multiplier circuit and the peak 

30 reduction value comprises a gain which when multiplied by the carrier symbol 
provides an adjusted carrier symbol. Alternatively, each of the combiners may 
comprise an addition circuit and the peak reduction value comprises a value 
which when added to the carrier symbol provides an adjusted carrier symbol. 
The 
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peak reduction algorithm circuit block may comprise a phase shift circuit for 
phase shifting each filter predictor output and an algorithm processor for 
calculating peak reduction values. The peak reduction algorithm circuit block may 
further comprise a summer for summing the phase shifted filter predictor outputs 
5 and providing an output to said algorithm processor. The peak reduction 
algorithm circuit block may further comprise a magnitude detection circuit for 
detecting the magnitude of the summer output and a comparator for comparing 
the magnitude of the summer output to a peak limit value. The peak reduction 
algorithm circuit block may further comprise a selector switch coupled to the 

10 comparator and enabling the peak reduction value to be output to a combiner 
when said switch is enabled by the comparator. The peak reduction unit may 
further comprise a plurality of feedback loops which provide the peak reduction 
values to the filter predictors. The filter predictors may each include a memory 
register comprising a plurality of delay stages and the feedback loops provide 

15 said peak reduction values to said memory registers between the delay stages. 
The peak reduced carrier symbols may be output from the memory registers. 

In yet another aspect, the present invention provides a multicarrier 
communication system, comprising a plurality of separate carrier signal sources, 

20 each providing a stream of carrier symbols corresponding to one or more data 
channels and a plurality of up sampling circuits, corresponding to the number of 
separate carrier signal sources, for increasing the sampling rate of symbols input 
thereto and providing up sampled symbols. The multtcarrier communication 
system further comprises a plurality of filters for providing filtering operations 

25 based on one or more filter impulse response functions and employing filter 
coefficients corresponding to a timing based on the increased sampling rate. A 
peak reduction unit is coupled between the plurality of separate carrier signal 
sources and the filters and receives the carrier symbols from the signal sources 
and provides peak adjusted carrier symbols. The peak reduction unit includes a 

30 plurality of peak reduction stages, each stage predicting the effect of the filters on 
the data symbols using filter coefficient values corresponding to a portion of the 
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total number of sample points of the filter impulse response function to provide 
predicted filtered outputs and providing a peak reduction processing based on 
predicted filter outputs. The peak reduction unit provides the peak adjusted 
carrier symbols, after the plural stage peak reduction processing, to the filters. 
The multi-carrier communication system further comprises a plurality of 
frequency offset circuits, equal in number to the number of separate carrier signal 
sources, for forming frequency offset carrier signals corresponding to the peak 
adjusted carrier symbols, and a combiner for combining the frequency offset 
carrier signals to form a multi-carrier signal. 

A number of various features and different embodiments may also be 
provided. For example, the plural stages of the peak reduction unit may be 
provided in series. Alternatively, the plural stages of the peak reduction unit may 
be provided in parallel. Also, each stage of the peak reduction unit may comprise 
a plurality of filter predictors receiving filter coefficients corresponding to a portion 
of the total number of sample points of the filter impulse response function and 
providing said predicted filtered outputs, and a peak reduction algorithm circuit 
block for calculating a peak reduction value based on the predicted filtered 
outputs provided by the filter predictors. Each stage of the peak reduction unit 
may thus apply N filter coefficients to the filter predictors corresponding to N 
sample points of the impulse response function. 

In yet another aspect, the present invention provides a method for signal 
peak reduction in a multiple earner communication system v\here the individual 
carriers are produced from input symbols that are filtered to reduce individual 
carrier bandwidths, offset in frequency, and combined into an output signal. The 
method comprises predicting the effect of filtering on input symbols for each 
carrier and providing predicted filtered symbols for each carrier. The predicted 
filtered symbols are phase shifted by a separate amount for each carrier and 
combined. Peak reduction adjustment values for each carrier are determined 
based on the amount the combined phase shifted predicted filtered symbols 
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exceed a threshold peak power value. The input symbols are adjusted using the 
peak reduction adjustment values. 

A number of various features and different embodiments may also be 
5 provided for this aspect of the invention. For example, the act of adjusting the 
input symbols may comprise adding peak reduction adjustment values to input 
symbols for each carrier. Alternatively, the peak reduction adjustment values may 
comprise peak reduction adjustment gah values and the act of adjusting the 
input symbols may comprise multiplying input symbols for each carrier by the 

10 peak reduction adjustment gain values. The act of determining peak reduction 
adjustment values may comprise determining a single peak reducton adjustment 
value and phase shifting the peak reduction adjustment value by a separate 
amount for each carrier to create plural peak reduction adjustment values. The 
act of determining peak reduction adjustment values may further comprise 

15 determining a weighting value for each carrier and weighting the plural peak 
reduction adjustment values by corresponding weighting values. The act of 
determining a weighting value for each carrier may comprise determining the 
instantaneous power of each carrier and the act of weighting the plural peak 
reduction adjustment values by corresponding weighting values may comprise 

20 multiplying the peak reduction adjustment values of each carrier by the 
instantaneous power of the carrier. The method for signal peak reduction in a 
multiple carrier communication system may further comprise repeating the acts 
of predicting, phase shifting, combining, determining and adjusting a plurality of 
times employing different filter coefficients. The plural repetitions of the acts of 

25 predicting, phase shifting, combining, determining and adjusting may be 
performed in series. Alternatively, the plural repetitions of the acts of predicting, 
phase shifting, combining, determining and adjusting may be performed in 
parallel. 

30 The present invention thus provides peak power reduction of multi-carrier 

communication systems. By doing so, the complexity and cost of the digitalto- 

8 
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analog converters, analog, IF, FR and RF power amplifier circuits in such 
communication systems will be greatly reduced. Other features and advantages 
of the present invention will be appreciated by a review of the following detailed 
description of the invention. 

5 

BRIEF DISCRETION OF THE DRAWINGS 

Figure 1 is a block schematic drawing of a prior art multiple carrier 
communications system. 

10 

Figure 2 is a block schematic drawing illustrating a multiple carrier 
communications system providing peak reduction in accordance with the present 
invention. 

15 Figure 3 is a block schematic drawing illustrating multiple carrier peak 

reduction processing performed with series implemented process steps. 

Figure 4 is a block schematic drawing illustrating the processing 
performed in each series implemented peak reduction processing stage. 

20 

Figure 5 is a block schematic drawing illustrating alternate processing 
performed in each series implemented peak reduction process stage. This 
alternative embodiment includes feedback to improve processing accuracy. 

25 Figure 6 shows a block schematic drawing illustrating multiple carrier peak 

reduction processing performed in parallel implemented processing stages. 

Figure 7 shows a block schematic drawing illustrating multiple carrier peak 
reduction processing performed in alternative parallel implemented processing 
30 stages. In this alternative embodiment, additional feedback paths are utilized to 
improve processing accuracy. 

9 



JSDOCID: <WO 0199293A2J_> 



WO 01/9929 J 




PCT/USO 1/19463 



Figure 8 shows a block schematic drawing illustrating the processing 
performed in each parallel implemented peak reduction processing stage. 

5 Figure 9 shows the impulse response function of the baseband filter used 

to generate each carrier in the multiple carrier communication system. The figure 
shows an example of how sample coefficients are taken at a periodic rate equal 
to the symbol rate but offset in time by an integer multiple of the upsampled rate. 

10 Figure 10 is a block schematic drawing of an example of a filter predictor 

used in the serial peak reduction embodiment shown in Figure 4. This example 
filter predictor uses impulse response coefficients sampled from the impulse 
response function as shown in Figure 9. 

15 Figure 1 1 is a block schematic drawing of an example filter predictor used 

in the serial peak reduction embodiment shown in Figure 5. This example filter 
predictor uses impulse response coefficients sampled from the impulse response 
function as shown in Figure 9. 

20 Figure 12 is a block schematic drawing of an example filter predictor used 

in the parallel peak reduction process shown in Figure 8. This example filter 
predictor uses impulse response coefficients sampled from the impulse response 
function as shown in Figure 9. 

25 Figure 13 is a complex vector diagram illustrating how individual carriers 

are constructed from input symbols and the baseband filter response. The figure 
also illustrates how these individual carriers are combined to create a multiple 
carrier signal. 



10 
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Figure 14 illustrates the geometric development of a minimum amplitude 
error correction equation. This equation can be applied within a peak reduction 
algorithm to calculate peak reduction corrections to input symbols. 

5 Figure 15 is a block schematic drawing of one preferred embodiment of 

the peak reduction algorithm circuit block shown in Figure 4, Figure 5, and Figure 
8. This embodiment of the peak reduction algorithm circuitblock calculates an 
additive correction vector that is distributed equally to peak causing symbols in 
each carrier. 

10 

Figure 16 is a block schematic drawing showing a simplified embodiment 
of the peak reduction algorithm circuit block of Figure 15. 

Figure 17 is a block schematic drawing of an alternate embodiment of the 
15 peak reduction algorithm circuit block shown in Figure 4, Figure 5, and Figure 8. 
This alternate embodiment of the peak reduction algorithm circuit block provides 
weighting to the calculated additive correction vector applied to the peak causing 
symbols in each carrier. Weighting is based on the fractional power each peak 
causing symbol provides to the combined signal. 

20 

Figure 18 is block schematic drawing of an alternate embodiment of the 
peak reduction algorithm circuit block shown in Figure 4, Figure 5, and Figure 8. 
This alternate embodiment of the peak reduction algorithm circuit block provides 
a gain based correction to the peak causing symbols. 

25 

Figure 19 illustrates the geometric development of a minimum phase error 
correction function which can be applied as an algorithm to calculate peak 
reduction corrections to input symbols. 



11 
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Figure 20 is a block schematic drawing illustrating a detailed 
implementation of Figure 4 with the block schematic drawings shown in Figure 10 
and Figure 16. 



5 Figure 21 is a block schematic drawing illustrating a detailed 

implementation of Figure 5 with the block schematic drawings shown in Figure 11 
and Figure 16. 

Figure 22 is a block schematic drawing illustrating a detailed 
10 implementation of Figure 4 with the block schematic drawings shown in Figure 10 
and Figure 18. 



Figure 23 is a block schematic drawing illustrating a detailed 
implementation of Figure 5 with the block schematic drawings shown in Figure 1 1 
15 and Figure 18. 

Figure 24 is a block schematic drawing illustrating a detailed 
implementation of Figure 4 with the block schematic drawings shown in Figure 10 
and Figure 17. 

20 

Figure 25 is a block schematic drawing illustrating a detailed 
implementation of Figure 5 with the block schematic drawings shown in Figure 1 1 
and Figure 17. 

25 Figure 26a, 26b and 26c are block schematic drawings collectively 

illustrating a detailed implementation of Figure 6 with the block schematic 
drawings shown in Figures 8, 12 and 17. 

Figure 27a, 27b and 27c are block schematic drawings collectively 
30 illustrating a detailed implementation of Figure 7 with the block schematic 
drawings shown in Figures 8, 12 and 17. 
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Figure 28a, 28b and 28c are block schematic drawings collectively 
illustrating an alternate embodiment of a detailed implementation of Figure 7 with 
the block schematic drawings shown in Figures 8, 12 and 17 and employing an 
alternate embodiment of the filter predictor of Figure 12 with shared memory 
registers. 

Figure 29a, 29b and 29c are block schematic drawings illustrating a 
detailed implementation of Figure 7 with the block schematic drawing shown in 
Figures 8, 12 and 18 employing an alternate embodiment of the filter predictor of 
Figure 12 with shared memory registers. 

Figure 30 is a block schematic drawing of an alternate embodimert of 
Figure 10 modified to include the changes required when using different 
baseband filters in the individual carrier generation paths. 

Figure 31 is a block schematic drawing of an alternate embodiment of 
Figure 15 modified to include the changes reqiired when using different 
baseband filters in the individual carrier generation paths. 

Figure 32 is a block schematic drawing of an alternate embodiment of 
Figure 17 modified to include the changes required when using different 
baseband filters in the individual carrier generation paths. 

Figure 33 is a block schematic drawing illustrating an alternate 
embodiment of the present invention in a multiple carrier communication system 
utilizing separate digital-to-analog converters, separate RF up-converting mixers 
and RF signal combination. 
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DETAILED DESCRIPTION OF THE INVENTION 

In Figure 2 a preferred embodiment of a multiple carrier communication 
system employing peak power reduction in accordance with the present invention 
5 is illustrated. As used herein the term "multiple carrier" or "multi-carrier" refers to 
the use of two or more frequency offset carriers each of which may have one or 
more communications channels. For example, each carrier may have plural 
communication channels using time division multiplexing or code division 
multiplexing. Each carrier, whether alone or in combination with other carriers, 

10 can be used to communicate with one or more receiving stations. One example 
of such a multiple carrier communication system is a cellular communication 
system employing multiple frequency offset RF carriers, and multiple user 
channels may be provided for each carrier in WCDMA (Wide Code Division 
Multiple Access) or TDMA (Time Division Multiple Access) systems. Other 

15 multiple carrier communications systems may also employ the present invention. 
For example, various other well-known wireless communication systems, such as 
personal communication systems (PCS), wireless local loop systems and all 
other like systems, may advantageously employ the present invention. 

20 Referring to Figure 2, a plurality of separate carrier signal sources, each 

providing symbols corresponding to one or more data channels, provide the 
individual carrier symbols s kf corresponding to the K individual carriers, as inputs 
to the multiple carrier communication system. The number of carriers K, and 
hence the range of the index k in figure 2 and subsequert figures, will vary with 

25 the particular application and may range from two to four for current WCDMA, 
two to forty for current TDMA communications systems, or several hundred or 
more (e.g., for OFDM communications systems). These carrier symbols g< are 
generally complex valued data points that represent one or more information 
data bits to be transmitted. The input symbols s k for each of the individual 

30 carriers are provided to peak power reduction stage 10. The input symbols for 
each of the individual carriers are processed together in the peak power 

14 
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reduction stage 10 to create a modified source of symbols for the remaining 
multiple carrier signal generation stages. More specifically, these remaining 
multiple carrier signal generation stages include an upsampling stage 14, a 
filtering stage 16, a frequency offset stage 18 and a combining stage 20. The 
5 modified symbols s k ' correspond to peak reduced symbols which will reduce or 
eliminate undesired peaks in the multiple carrier signal after signal combination 
at the combining stage 20. The peak reduced symbols s k ' for each carrier are 
thus based on the effect of the other carriers. The effect of the filtering stage 16 
is also preferably taken into account in creating the peak reduced symbols s k ' for 

10 each carrier. The peak reduction processing is implemented in a peak power 
reduction unit 12, which may be a suitably programmed DSP, a hardware circuit 
such as an ASIC, or a combination of hardware and software. The operation of 
the peak power reduction unit 12 to provide these modified symbols s^' so as to 
achieve the desired peak power reduction will be discussed in detail below in 

15 relation to several preferred embodiments. After the combining stage 20 the 
multi-carrier signal is provided to a digital-to-analog conversion stage 24 and an 
RF generation stage 26 which provides an RF multi-carrier output signal. 

Those skilled in the art will appreciate that there are many alternate 
20 embodiments of the multiple carrier signal generation stages shown which will 
produce substantially the same result. The present invention will work equally 
well with all alternate embodiments of the stages following the peak power 
reduction stage 12 shown in Figure 2. These remaining stages of Figure 2 will 
be briefly described so that the interaction of the peak power reduction unit with 
25 these subsequent stages in various alternate embodiments of these stages can 
be better understood. 

Referring again to Figure 2, after the symbols for each individual carrier 
are modified in the peak power reduction unit 12, each carrier path is upsampled 
30 to a higher data rate. This is accomplished by K upsampling circuits 28 which 
insert zero valued samples between peak reduced symbols at evenly spaced 

15 
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time intervals creating a symbol stream sampled at M times the symbol rate. If 
the symbol rate in each path is upsampled by M, M-1 zero valued samples are 
inserted between the peak reduced symbols. This upsampling increases the 
bandwidth of the symbol stream thus providing spectrum for the stop bands of 
5 the following filter. After upsampling to a higher sample rate, each upsampled 
symbol stream for each carrier is passed through baseband filters 30 to limit 
individual carrier transmission bandwidths, creating the individual carrier 
baseband signals. Next, the baseband signals are offset to different frequencies 
at mixers 32 which receive an offset frequency co k for each carrier k. The 

10 frequency offset signals are then combined at combiner 20 to create a digital 
representation of the desired mutiple carrier output signal. Finally the digital 
multiple carrier signal is digital-to-analog converted and frequency up-converted 
to the desired frequency band of operation. The last two stages, digitatto-analog 
conversion 24 and frequency up-conversion 26, are performed with an inphase 

15 and quadrature digitaRo-analog converter and a quadrature RF upconverter if 
the final stages remain as complex values (not specifically shown but implied as 
an alternative in Figure 2). If the final stages are converted to real values at 
some point before digital-to-analog conversion, these final two stages can be 
constructed with a single digital-to-analog converter 36, a mixer 38, and a local 

20 oscillator 40 (as shown in Figure 2). 

The amount of upsampling provided to the individual carrier symbol 
streams is determined by the bandwidth requirements of the resulting combined 
multiple carrier signal. The combined multiple carrier signal bandwidth is 

25 determined by the bandwidth of the individual carriers, the frequency separation 
of the individual carriers, and bandwidth required to prevent spectrum aliasing 
during analog signal generation. Normally the upsampling rate is kept to a 
minimum to reduce computational load. In this detailed description of the 
invention an example upsampling rate of M=10 will be used. This invention will 

30 work equally well at other upsampling rates based on systems requirements and 
standard digital signal processing theory known to those skilled in the art. 
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In most multiple carrier systems the baseband filters in each individual 
carrier generation path will use an identical baseband filter. This simplification 
will be made in the majority of this description of the invention. The present 
invention may also employ different filters in each carrier generation path and a 
5 discussion of the modification necessary to implement different baseband filters 
in each carrier path will be provided below in relatioi to Figures 30 -32. 

Referring to Figure 3, an embodiment of the peak power reduction unit 12 
of Figure 2 showing M serially implemented reduction processing stages 50 is 

10 displayed. The processing performed in each stage 50 is identical with the 
exception of filter coefficients that are taken from the impulse response functions 
of the filters in the individual carrier processing paths. These coefficients are 
sampled from the impulse response function of the baseband filter 28 at the 
upsampled time interval as shown in Figure 9. Figure 9 shows an example f 

15 where the upsampling variable M as given in Figure 2 is set to 10. Each serial/ Mi" v 
block shown in Figure 3 includes gain coefficients reference by the function g m ,N, ! 
where m is the upsampling coefficient index given and N is a range of integer 
values each of which indicates a coefficient taken as shown in Figure 9. The 
number of coefficients taken in the Figure 9 example is seven. This number of 

20 coefficients could be larger or smaller depending on the peak reduction 
processing accuracy required and the memory and processing capabilities of the 
processing circuits used. Also, Figure 3 shows each peak rediction process 
arranged using a specific order of coefficients in Figure 9. The order of the 
coefficients may be altered and an optimal order may exist for peak reduction for 

25 a particular application. Such optimal order may be readily determined by testing 
peak reduction accuracy at different choices of ordering. In addition, any or all 
stages may be repeated to account for peak reduction errors caused by the 
causal nature of peak reduction processing. Also, the specific impulse response 
function of the baseband filter shown in Figure 9 is purely illustrative and different 

30 specific filter impulse response functions may be employed. Also, while a FIR 
(Finite Impulse Response) filter impulse response function is illustrated, filter 
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predictor coefficients may also be sampled from an impulse response function 
produced by an IIR (Infinite Impulse Response) filter. 

Referring to Figure 4, an embodiment of the peak reduction processing 
5 circuit in each serially implemented processing stage 50 is illustrated. Symbols 
from each carrier path, Sk, are divided into a delay path and a filter predictor path. 
The symbols in the delay path are provided to delay circuit 52 and delayed 
symbols sd are output. The symbols in the filter predictor path are provided to 
filter predictor 54. The filter predictor 54 calculates two output values, weighted 

10 symbols ws k , m and signal predict sp k(m . The output signal sp<, m , represents a^ 
prediction of the baseband filter output, sampled at the symbol rate but offset in 
time by the upsampling coefficient index, m. To make this prediction, the filter 
predictor 54 uses the sampled impulse response function coefficients. The 
source of these coefficients may take the form of a memory 56 storing the filter 

15 coefficients, e.g., the coefficients illustrated in figure 9 for the appropriate sample 
points of the impulse response function. Of course, as noted above, other filter 
implementations may have differing filter response functions and therefore 
different filter coefficients will be stored in the filter coefficients memory 56. The 
number of impulse response coefficient samples used in calculating the 

20 prediction determines the prediction accuracy. The other filter predictor output, 
ws k , m , predicts the baseband filter output based on the center coefficient sample 
only. 

These filter predictions sp k , m and ws k , m from each carrier are passed into 
25 the peak reduction algorithm circuit block 58. Peak reduction algorithm circuit 
block 58 calculates adjustment values, F k , m that are combined with the delayed 
input symbols provided from delay circuit 52 at combiners 60 to create the 
adjusted output symbols, s k(d . The combiner 60 used can be either an adder or 
multiplier based on whether the adjustments calculated are additive or 
30 multiplicative, respectively. Weighted symbols w^ (m are not necessary in all 
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embodiments, depending on the algorithm used, as will be appreciated from the 
following specific embodiments. 

Referring to Figure 5, an alternate embodiment of the processing 
performed in each serially implemented processing block 50 is given. Symbols 
from each carrier path enter a filter predictor 70. The filter predctor 70 calculates 
two output values, weighted symbols ws k , m . and signal predict sp k , m These 
output signals are identical to those described above for Figure 4. The filter 
predictions for each carrier are once again passed into the peak reduction 
algorithm block 58. As before the algorithm processor block 58 calculates 
adjustment values, F k , m , for the individual symbol paths. In this alternate 
embodiment, however, the adjustment values are fed back to the filter predictor 
70. The filter predictor 70 combines the adjustments internally so that adjusted 
symbol values can be used in calculating all predictions that follow the symbol 
adjustment. In this alternate embodiment, the filter predictor also outputs the 
adjusted symbol values s'k,d. By providing feedback, this alternate embodiment 
improves the accuracy of symbol adjustments with a slight increase in processing 
and or circuit complexity. 

Referring to Figure 6, an embodiment of the peak power reduction unit 12 
shown in Figure 2, employing parallel peak reduction processing is illustrated. 
As in the serial implementation with feedback in Figure 5, each parallel peak 
reduction stage 80 calculates feedback adjustments, Fk >m , based on coefficients 
sampled from the individual carrier baseband filter impulse response function, for 
example, as defined in Figure 9. In the parallel embodiment of Figure 6, 
however, the feedback adjustments, F^ are provided in parallel to plural 
reduction processing stages. More specifically, in the first parallel stage 80, the 
stage using the coefficients sampled at coefficient sampling index m=1, the 
feedback adjustments in that stage are fed back to the same stage and to peak 
reduction stages using higher coefficient indices. The same is true for the stage 
using coefficient sampling index m=2 through M and all other stages. Only the 
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stage using coefficient sampling index m=M receives feedback from all other 
parallel processes. Fully adjusted output symbols s' k are then output from the 
processing stage with the coefficient sampling index set to m=M, as illustrated in 
Figure 6. This parallel embodiment has a processing time advantage over the 
5 serial embodiment of Figure 3 since computations can be performed in parallel. 
This processing time advantage is paid for with increased processing algorithm 
and or processing circuit complexity. 

Referring to Figure 7, an alternate embodiment employing parallel peak 
10 reduction processing is illustrated. This implementation differs from Figure 6 by 
providing feedback from all parallel peak reduction processing stages 80 to all 
other peak reduction processing stages regardless of the upsampling coefficient 
index. The advantage of this additional feedback is improved symbol 
adjustment. The cost of this additional feedback is increased processing 
15 algorithm and or processing circuit complexity. 

Referring to Figure 6 and 7, the coefficient sampling index is shown to 
increase from m = 1 to m = M for the parallel reduction processes. This order 
may be modified to start at a higher index and then stop at one minus that higher 

20 starting index. For example the coefficient sampling index may start at M=3 and 
proceed to M and then followed by m = 1, and 2 (m=3, 4, M, 1, 2). By 
changing this order peak reduction may be optimized for a particular application. 
Such optimal ordering may be readily determined by testing peak reduction 
accuracy at different choices of ordering. In addition, any or all parallel reduction 

25 stages may be repeated to account for peak reduction errors caused by the 
causal nature of peak reduction processing. 

Referring to Figure 8, an embodiment of the parallel peak reduction 
processing stages 80 is given for the parallel processing embodiments illustrated 
30 in Figure 6 and Figure 7. Figure 8 differs from Figure 5 in that feedback 
adjustments, F k , m , to the filter predictor 72 come not only from the peak reduction 

20 
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algorithm included in the figure, but from all other parallel implemented peak 
reduction stages 80 shown in Figure 6 or Figure 7. In the case of Figure 6, only 
the feedback lines from stages using filter coefficients from the current 
upsampled coefficient index or lower are used. In the case ofFigure 6, feedback 
5 lines from higher upsampled coefficient indices than the current stage can be 
removed. All other aspects of this parallel implemented process are the same as 
described for Figure 5 and accordingly like numerals are employed and the 
description thereof incorporated by reference. 

10 Referring to Figure 10, an embodiment of the filter predictor 54 employed 

in the embodiment of Figure 4 is shown. This illustrated filter predictor uses 
seven impulse response coefficients sampled from the impulse, response function 
as shown in Figure 9. The choice of seven impulse response coefficients is 
purely an example and greater or fewer coefficients may be chosen. Also, the 
15 specific impulse response function of Figure 9 may also vary with the particular 

fi,te r. as discussed above. The output, signal predict sft, m , is calculated using a 

|—f fin ' te im P ulse response filter as illustrated in the block schematic diagram. More 
specifically, input symbols s* are shifted through a shift register, comprising 
memory registers 82, at the symbol rate. In the illustrated example of seven 
20 registers, the registers 82 thus collectively form a seven element shift register. At 
the symbol rate each memory register 82 is multiplied by the filter coefficient 
gains provided from memory 56 to respective multipliers 88 and the resulting 
gain multiplied values are summed at summer 84 to produce the predicted signal 
value, signal predict sp^as shown in Figure 10. As further shown in Figure 10, 
25 the filter predictor 54 has other output taps. One of these taps provides the 
delayed symbol output, symbol sd k , that can be used as an alternative to the 
delay path shown in Figure 4. The filter predictor 54 also provides the output, 
weighted symbol ws k . m , used in calculating symbol corrections in the peak 
reduction algorithm block shown in Figure 4. 

30 
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Referring to Figure 11, an embodiment of the filter predictor used inFigure 
5 is shown. This filter predictor operates in a similar manner to the filter predictor 
of Figure 10 and like numerals are employed for common elements. As in the 
case of Figure 10, the illustrated filter predictor 70 uses seven impulse response 
5 coefficients sampled from the impulse response function as shown inFigure 9. 
The output, signal predict sp< (m , is similarly calculated using a finite impulse 
response filter as illustrated in the block schematic diagram. More specifically, 
input symbols s k are shifted through memory registers 82 at the symbol rate. At 
the symbol rate each memory register 82 is multiplied by the filter coefficient 

10 gains by multipliers 88 and the resulting gain multiplied values are summed at 
summer 84 to produce the predicted signal value, signal predict sp ktm> as shown 
in Figure 11. This predicted signal calculation however differs from that ofFigure 
10 in that input symbols are adjusted by feedback. As discussed in relation to 
Figure 5, this feedback is calculated from the peak reduction algorithm that 

15 processes predicted filter outputs from all carrier paths. The combiner 86 shown 
in Figure 1 1 receives the feedback and inserts the feedback values into the shift 
register. Combiner 86 can be either an adder or multiplier based on whether 
feedback adjustment is additive or multiplicative, respectively. As in the case of 
Figure 10, this filter predictor 70 also provides the output weighted symbols ws 

20 k>m used in calculating symbol corrections in the peak reduction algorithm block 
58 shown in Figure 5. 

Referring to Figure 12, an embodiment of the filter predictor 72 used in 
Figure 8 is shown. As in the previous embodiments, this filter predictor 72 uses 

25 impulse response coefficients sampled from the impulse response function as 
shown in Figure 9. The range of index n in Figure 12 indicates the number of the 
impulse response function coefficients used to create the baseband filter 
prediction. (For comparison, the previous embodiments illustrated n=3, or seven 
samples of the impulse response function.) Sirrilarly to previous embodiments, 

30 the output, signal predict spk, m , is calculated using a finite impulse response filter 
as illustrated in the block schematic diagram. Input symbols are shifted through 
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memory registers 90, at the symbol rate. At the symbol rate each memory 
register 90 is multiplied by the filter coefficient gains provided from memory 56 to 
respective multipliers 88. The outputs of multipliers 88 are summed at summer 
92 to produce the predicted signal value, signal predict sp k , ra Feedback is 
5 provided to the filter predictor and feedback values are inserted into the shift 
register at combiners 94. The predicted signal calculation differs from that of 
Figure 10 and Figure 11 in that input symbols are adjusted by feedback from 
several sources. Also, the number of memory registers is expanded by adding 
extra registers 94 to accommodate feedback lines from other filter predictors 

10 operating with a different upsampling coefficient index. The figure shows 2*M-1 
possible feedback lines. Both Figure 6 and Figure 7 in contrast show only M 
possible feedback lines for each parallel processed carrier filter predictor. The 
additional registers and feedback lines in Figure 12 are provided so that 
feedback lines can be properly time aligned with shift register memory positions. 

15 The range of the index m in figure 12 is from 1 to M. Feedback is only provided 
for feedback variables F M to F k>M . For feedback variables outside this range the 
feedback lines in Figure 12 may be ignored. More specifically, feedback 
adjustments do not exist for negative upsampling coefficient indices. In each 
particular application if the feedback line has a negative upsampling coefficient 

20 index, the feedback line and feedback combiner can be ignored (or physically 
removed if a hardware implementation is employed). The combiners 94 shown 
in Figure 12 can be either an adder or multiplier based on whether the feedback 
adjustment is additive or multiplicative, respectively. Filter predictor 72 also 
provides the output, weighted symbols ws k , m , used in calculating symbol 

25 corrections in the peak reduction algorithm block shown in Figure 8 

The signal predict sp k , m output generated in the filter predictors of Figure 
10, Figure 11, and Figure 12 represents a symbol rate sampled prediction of the 
baseband filter output found in each carrier generation path. The predictive 
30 ability of this filter predictor output can be understood by viewing how the 
baseband filters 30 (shown in Figure 2) found in the carrier generation paths 
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operate. Assume for example, each baseband filter is constructed using a FIR 
filter structure. The FIR filter will use impulse response coefficients sampled from 
the impulse response function shown in Figure 9 at every upsampled coefficient 
interval. As the filter processes the input upsampled symbols, each sample will 
5 be multiplied by a filter coefficient, and summed to produce a baseband filter 
response output. As noted above, however, most of the samples in the 
upsampled symbol stream are zero valued. At any given time therefore, the 
baseband filter output is determined by a subset of baseband filter coefficients. If 
the symbols are upsampled M times, M coefficient subsets will exist. As the 

10 upsampled symbols pass through the filter, the symbols themselves therefore 
select filter coefficients based on the upsampling coefficient index method shown 
in Figure 9. (This natural subset selection characteristic produced when filtering 
upsampled signals permits baseband filter designs to be implemented with 
parallel processing if desired. Such filters are an alternate embodimentof the 

15 upsampling and filtering stages 14 and 16 described in Figure 2, that will work 
equally well with the present invention.) Each signal predict sp k , m output from a 
filter predictor will match the a symbol rate sampled output of the baseband filter 
when the same upsampled coefficient indexed coefficients are used. To reduce 
computational load, however, the specific implementation may choose to reduce 

20 the number of index selected coefficients used in the filter predictor than are 
used by the baseband filter. In this regard it should be appreciated that the goal 
of the baseband filter is to limit the carrier bandwidth. The goal of the filter 
predictor is to estimate the amplitude and phase of the baseband filter output for 
peak reduction purposes. The filter predictor can therefore use a smaller set of 

25 coefficients and still produce good signal amplitude and phase estimates. When 
reducing the number of filter predictor coefficients, it is preferable to remove an 
equal number of coefficients from both the beginning and end of the coefficient 
set. 

30 In the above description it was assumed that the baseband filters (16 of 

Figure 2) were constructed as FIR (Finite Impulse Response) filters. These 
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filters could alternatively be constructed as MR (Infinite Impulse Response) filters 
if desired. Coefficients used in the filter predictors would be selected as before 
from the impulse response function from the MR filter as shown in Figure 9. 
Since the filter predictor will only use a finite number of coefficients the prediction 
will not be exact. The predictions however will be accurate for peak reduction 
purposes. 

To reduce peak power at the combined multiple carrier output, the present 
invention makes adjustments to the input symbols. To accomplish this symbol 
adjustment, an algorithm must be capable of associating output multiple carrier 
peaks to input individual carrier symbols and then adjusting those peak causing 
input individual carrier symbols to eliminate the source of the multiple carrier 
output peaks. Referring to Figure 13 the preferred approach to developing these 
types of algorithms will be described. 

Figure 13 (a) shows an instantaneous output of a single carrier baseband 
filter. This instantaneous output is broken into two parts, a weighted symbol part 
and a neighbor effect part. As discussed above, e.g., in relation toFigure 10, it 
was established that the signal predict s&, m output predicts the baseband filter 
output on a symbol rate sampled basis. Each instantaneous signal predict sp k , m 
output is determined as the sum of weighted input symbols. This signal predict 
spk,m output could be considered as the sum of one weighted symbol combined 
with the sum of its neighboring weighted symbols as is shown in Figure 13(a). In 
Figure 10 the weighted symbol was selected as the center symbol of the FIR 
structure and has an output labeled weighted symbol, ws Km . The neighbor effect 
can be calculated as the difference between the output, signal predict sp k>m and 
the output, weighted symbol ws^. Figure 13 (b) is identical to Figure 13 (a) 
except for representing a second carrier. The remaining portions of Figure 13 
will develop the combined multiple carrier output for a two carrier case. More 
carriers can be added by extension of the principals involved. 



25 



WO 01/99293- . PCT/US01/19463 



Referring to Figure 13 (c), carriers 1 and 2 are combined after frequency 
translation! The frequency translation of these two carriers will cause the outputs 
to rotate at wit and C02t respectively. For simplicity in the figure, both these 
frequency related phase shifts were set at time instant t=0 or zero degrees phase 
5 rotation. Referring to Figure 13 (d) the components of Figure 13 (c) are 
rearranged and combined to produce the combined weighted symbols and the 
combined neighbor effect. By using this rrethod, the instantaneous multiple 
carrier output signal can be defined as a function of multiple carrier input symbols 
at one time instant and multiple carrier input symbols which precede and follow, 
10 or neighbor, that time instant. 

Referring to Figure 14, a geometric illustration of the peak reduction 
process is given. Figure 14 shows four signal vectors. Vector A represents the 
combined weighted symbols. Vector B represents the combined baseband filter 

15 output or the corresponding combined filter predictor output. Vector D represents 
the neighbor effect or the difference between vector A and vector B. Vector C 
shows the adjustment necessary to the combined filter output to set the 
combined filter output to a predetermined peak limit level, L. Since adjustments 
will be made to the combined weighted symbols, vector C is also shown 

20 translated down to vector A. 

Applying basic vector algebra to the vectors illustrated in Figure 14 results 
in Equation (1) below. Correction vector C when applied to the combined 
weighted symbol vector A will reduce the baseband filter output vector B to limit 
25 value L. With Equation (1) established, several different embodiments of peak 
reduction algorithm processors employed in peak reduction algorithm block 58 
can be developed. 
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Referring to Figure 15, an embodiment of peak reduction algorithm block 
58 is illustrated. Peak reduction algorithm block 58 receives K inputs (signal 
predict sp k m ) from the K carrier filter predictors, respectively. These inputs are 
provided to phase shift circuit 98 where each of these signals sp km is phase 
shifted in a manner corresponding to the frequency offset applied during multiple 
carrier combination. As discussed above, the signal predict inputs sp k , m 
represent predicted symbol rate samples of the baseband filter outputs. The 
phase adjustments applied must therefore also represent matching symbol rate 
samples of the frequency rotations applied during the respective carrier 
frequency offset. The K separate phase adjustments are applied by K phase 
shifters 100 which apply respective complex phase rotations of w k at the timing 
t„, m . After phase shifting, the phase shifted predicted signal inputs are combined 
at summer 102 to produce a prediction of the combined multiple carrier output 
signal (i.e. vector B). This combined predicted output is provided to the algorithm 
processor 104 which also receives a predetermined limit level, L, and calculates 
a correction. For example, the processor may use Equation (1) to calculate a 
vector C that will place the combined multiple carrier output signal on the limit 
line L. The combined predicted output from summer 102 is also applied to a 
parallel path and provided to absolute value circuit 108. An absolute value of the 
combined predicted output from summer 102 (i.e., |B| using the nomenclature of 
equation (1) but denoted as A in Figure 15) is then provided to comparator 106 
which determines when the magnitude of the combined predicted output exceeds 
the limit level L. When the limit level is exceeded the switch 110 is enabled and 
the correction value from algorithm processor 104 is set to the switch output. 
When the limit level is not exceeded the switch 110 outputs a zero correction 
value. This correction value must be distributed to each of the input symbol 
streams. Before this can be done however the effects of the symbol weighting 
and phase rotation must be removed. This is provided in symbol correction 
phase adjustment stage 112. Since the correction calculated will be applied to 
the symbol centered in the filter predictor the weighting coefficient g m>0 is 
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removed from each correction. The last stage 112 of Figure 15 provides the 
removal of the filter weighting, carrier phase rotation, and equal correction signal 
distribution by dividing each correction path by the number of carriers K. These 
adjustments are provided by combined phase shifting and correction distribution 
circuits 114. To reduce computational loading the constant factor K*g m>0 can be 
moved from the individual carrier correction branches and placed into the 
algorithm processor and Figure 16 shows the simplified peak reduction algorithm 
block 58 employing simpler phase shifting circuits 116. Equation (2) shows a 
new algorithm processor equation suitable for use with in the simplified peak 
reduction algorithm block of Figure 16. The correction provided by this algorithm 
processor is additive and should be used with additive combiners when 
incorporated in systems shown in Figure 4, Figure 11, and Figure 12 



Using the peak reduction processes as described in relation to Figure 15 
and Figure 16 produces excellent peak power reduction results for many 
applications. However, in some applications a problem with this method may 
arise since the correction is distributed evenly to all carriers whenever the 
multiple carrier signal peak power exceeds the limit level. Peaks in the output 
multiple earner signal may be dominantly caused by just a few or even one 
carrier. In many multiple carrier systems individual carrier power levels may be 
dramatically different. Some carriers may even be turned off. By distributing the 
correction signal equally to all carriers, all carriers must also bear the burden of 
the signal distortion caused by the correction. Low power carriers may be 
overwhelmed by peak correction distortion and off channels may appear to be 
on. 




(2) 
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Another way of distributing the correction signal to each carrier path, 
which may be preferred in many applications, is to weight the correction based 
on the instantaneous average symbol power of each carrier path. (Other 
weighting schemes, such as average power or short term average power, may 
also be used and the modifications to the below described embodiment will be 
appreciated by those skilled in the art.) Referring to Figure 17, an alternate 
embodiment of the peak reduction algorithm block 58 is shown for such a 
weighting scheme. This alternate embodiment illustrates in block schematic form 
a weighting circuit 120 which provides this peak correction distribution weighting 
scheme. The weighting circuit 120 receives as inputs the weighted symbols 
wsk.m from the filter predictor 54 generated as described above. The weighted 
symbols ws k , m are provided to power detection circuits 122 which determine 
instantaneous average symbol power A of each carrier. Implementation of 
suitable power detection circuits will be apparent to those skilled in the art and 
the number of symbols averaged to find the instantaneous power may be 
optimized for the particular application. The power from each carrier is provided 
to summer 124 which outputs a total instantaneous power value B which value is 
provided as one input to each of K division circuits 126. The ratio of the individual 
carrier power A to total power B for each carrier is computed at division circuits 
126 and the power weighting A/B for each carrier is output as illustrated. The 
power weighting A/B for each carrier is provided to the corresponding symbol 
correction path after symbol correction phase adjustment stage 112. The power 
weighting for the carrier is then applied to the correction value by multipliers 128 
as illustrated. The power weighted correction values are then output. 

In the embodiment of Figure 17, since the correction distribution is 
provided by the above mentioned weighting circuit 120, rather than equally 
weighting based on the number of carriers as in equation (2), the algorithm 
processor equation must be changed to Equation (3) below. Also, the correction 
provided by the illustrated peak reduction block is additive and should be used 



29 



WO 01/99293 



• 



PCT/USO 1/19463 



with additive combiners when incorporated in systems shown in Figure 4, Figure 
11, and Figure 12. 



Referring to Figure 18, an alternate embodiment of the peak reduction 
algorithm block 58 providing gain based correction instead of additive correction, 

10 is shown. In this embodiment, the peak reduction algorithm block 58 calculates a 
correction gain that is multiplied to adjust each of the peak causing synbols in 
each carrier. The vector A shown in Figure 14 is created in the same way as the 
combined multiple carrier predicted output B. More specifically, a phase shifting 
stage 130 applies a phase rotation to the input weighted symbols and the input 

15 predicted symbols, provided from the filter predictor as described previously. 
These phase shifted signals are provided to first and second summers 132, 134 
which provide the signals A and B as outputs. Both these signals, and the peak 
limit level L, are provided to the algorithm processor 106. The algorithm 
processor 106 first calculates the correction signal using Equation (3). Next, the 

20 algorithm processor calculates a correction gain using Equation (4) below. Asin 
the case of the previous embodiments, switch 1 10 outputs a zero correction (unit 
gain in this embodiment) if comparator 106 determines the predicted combined 
symbol value is within the limit L If the limit value L is exceeded the correction 
gain is output from switch 110. Since the correction is based on a gain, no phase 

25 adjustments to the correction are required after the correction value is output 
from switch 110. The correction gain is provided to the circuits shown inFigure 
4, Figure 1 1, or Figure 12 and the combiners used in these figures must be set to 
perform a multiplying function. 
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g = (A + c)4 



A < 4 > 



In the above peak reduction algorithm descriptions ofFigure 15, Figure 
5 17, and Figure 18 the Equations (1) through (4) were used to limit the peak 
power of the multiple carrier signal. These equations always produce a minimum 
instantaneous amplitude peak power correction. There are however many 
equations which will move vector B in Figure 14 to the peak limit level. To 
illustrate the manner in which additional equations can be developed and to show 
10 that the present invention is not limited to just the specific set of equations 
discussed, an alternate peak limiting equation will be developed. This alternate 
equation will produce minimum phase error in the combined multiple carrier 
signal. 

15 Referring to Figure 19, an alternate equation of peak signal correction is 

developed geometrically. The goal of this correction equation development is to 
move the combined multiple carrier output vector B to the peak limit level L by 
adjusting only the amplitude of the combined weighted symbol vector A. This 
type of correction may be preferred in communication systems where phase 

20 errors cause more problems than amplitude errors. The following series of 
vector equations conclude with the gain correction equation, Equation (5). 
Equation (5) can be used in place of Equations (3) and (4) h the algorithm 
processor block of Figure 18. By using equation (5) in the peak reduction 
algorithm shown in Figure 18 only amplitude errors will be induced in the 

25 individual carrier symbols. 
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g|A| = VL 2 -y 2 -x 



x = 



D» A 



y = 



D- 



(D*A)A 
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g = 



L 2 - 



D- 
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(D'A) 

!A| 



|A| 



(5) 



15 



Equation (5) may produce an excessive computational burden to the 
implementing signal processor or signal processing circuits. To reduce this 
burden the alternate approximate equation given in Equation (6) can be used 
instead. This approximate equation will permit multiple carrier peak signal to 
exceed the limit level by a small amount but no phase errors wll be induced 



|A| 



, for small 'D' 



(6) 



If additive corrections are preferred in a particular application over 
multiplicative corrections, Equations (5) and (6) can be modified to additive 
corrections using Equation (7) for use in the peak reduction algorithm given in 
Figure 15 and Equation (8) for use with Figure 16. (Using these modified 
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equations will guarantee minimum phase error correction to the combined 
multiple carrier signal but not necessarily to the individual carrier symbols.) 



C = ( A - g A )j? J_ (7) 



C = (A-gA)-L (8) 

9m,0 



The purpose of developing Equations (5) through (8) was to demonstrate 
that many peak reduction equations could operateequally well within the present 
10 invention. 



To aid those skilled in the art reach a fuller understanding of the present 
invention, various complete implementations of the peak reduction unit 12 will be 
provided as examples. First several implementations enploying a series 
15 reduction process, as shown in Figure 3, will be provided as examples. 

Figure 20 is a block schematic drawing illustrating a detailed 
implementation of Figure 4 with the block schematic drawings shown in Figure 1 0 
and Figure 15. Like numerals employed in figures 4,10 and 15 are employed in 
20 Figure 20 and the operation of the implementation will be appreciated from the 
previous discussion of those figures. 

Figure 21 is a block schematic drawing constructing a detailed 
implementation of Figure 5 with the block schematic drawings shown in Figure 1 1 
25 and Figure 15. Like numerals employed in fgures 5, 11 and 15 are employed in 
Figure 21 and the operation of the implementation will be appreciated from the 
previous discussion of those figures. 
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Figure 22 is a block schematic drawing illustrating a detailed 
implementation of Figure 4 with the block schematic drawings shown in Figure 10 
and Figure 18. Like numerals employed in figures 4, 10 and 18 are employed in 
Figure 22 and the operation of the implementation will be appreciated from the 
5 previous discussion of those figures. 

Figure 23 is a block schematic drawing illustrafng a detailed 
implementation of Figure 5 with the block schematic drawings shown in Figure 1 1 
and Figure 18. Like numerals employed in figures 5, 11 and 18 are employed in 
10 Figure 23 and the operation of the implementation will be appreciated from the 
previous discussion of those figures. 

Figure 24 is a block schematic drawing illustrating a detailed 
implementation of Figure 4 with the block schematic drawings shown in Figure 10 
15 and Figure 17. Like numerals employed in figures 4, 10 and 17 are employed in 
Figure 24 and the operation of the implementation will be appreciated from the 
previous discussion of those figures. 

Figure 25 is a block schematic drawing illustrating a detailed 
20 implementation of Figure 5 with the block schematic drawings shown in Figure 1 1 
and Figure 17. Like numerals employed in figures 5, 11 and 17 are employed in 
Figure 25 and the operation of the implementation will be appreciated from the 
previous discussion of those figures. 

25 Next several implementations employing a parallel peak reduction 

process, as shown in Figures 6 and 7 will be provided as examples. 

Figure 26a, 26b and 26c are block schematic drawings collectively 
illustrating a detailed implementation of Figure 6 with the block schematic 
30 drawings shown in Figures 8, 12 and 17. Like numerals employed in figures 6, 8, 
12 and 17 are employed in Figures 26a, 26b and 26c and the operation of the 
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implementation will be appreciated from the previous discussion of those figures. 
In this embodiment the shift register portion of the filter predictor 72 varies 
between stages 80, so Figure 26a shows the shift register portion of the filter 
predictor 72 for all the stages 80. The dashed delay stages of the shift register 
5 are not employed in the filter prediction operation and may be omitted and are 
merely shown to clarify the logical layout of the filter predictor. The remaining 
circuit portions are the same for each stage 80 and so Figures 26b and 26c only 
show the block schematic drawings for a single stage 80. 

10 Figure 27a, 27b and 27c are block schematic drawings collectively 

illustrating a detailed implementation of Figure 7 with the block schematic 
drawings shown in Figures 8, 12 and 17. Like numerals employed in figures 7, 8, 
12 and 17 are employed in Figures 27a, 27b and 27c and the operationof the 
implementation will be appreciated from the previous discussion of those figures. 

15 As in the previous embodiment, in this embodiment the shift register portion of 
the filter predictor 72 varies between stages 80 and Figure 27a shows the shift 
register portion of the filter predictor 72 for all the stages 80 while the remaining 
circuit portions are the same for each stage 80 and so Figures 27b and 27c only 
show the block schematic drawings for a single stage 80. 

20 

Figure 28a, 28b and 28c are block schematic drawings illustrating an 
alternate embodiment of a detailed implementation of Figure 7 with the block 
schematic drawings shown in Figures 8, 12 and 17. Like numerals employed in 
figures 7, 8, 12 and 17 are employed in Figures 28a, 28b and 28c and the 

25 operation of the implementation will be appreciated from the previous discussion 
of those figures. In this embodiment the shift register portion of the filter predictor 
72 is shared between stages 80, so Figure 28a shows the shift register portion of 
the filter predictor 72 which is common to all the stages 80. The remaining circuit 
portions are repeated for each stage 80 and so Figures 28b and 28c only show 

30 the block schematic drawings for a single stage 80. This shared shift register 
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embodiment may be preferred due to the reduced number of memory registers 
needed and reduced memory costs. 

Figure 29a, 29b and 29c are block schematic drawings illustrating a 
5 detailed implementation of Figure 7 with the block schematic drawings shown in 
Figures 8, 12 and 18. Like numerals employed in figures 7, 8, 12 and 18 are 
employed in Figures 29a, 29b and 29c and the operation of the implementation 
will be appreciated from the previous discussion of those figures. As in the 
previous embodiment, in this embodiment the shift register portion of the filter 
10 predictor 72 is shared between stages 80, so Figure 29a shows the shift register 
portion of the filter predictor 72 which is common to all the stages 80. The 
remaining circuit portions are repeated for each stage 80 andso Figures 29b and 
29c only show the block schematic drawings for a single stage 80. 

15 From these examples a variety of additional series and parallel 

implementations of the peak reduction process of the present invention will be 
appreciated by those skiled in the art which specific implementations are too 
numerous to illustrate in detail. 



20 Referring to Figures 30-32, block schematic drawings of modified 

embodiments of the filter predictor and peak reduction algorithm block are 
shown. In these figures the circuitry is modified to include the changes required 
when using different baseband filters in the individual carrier generation paths. 
As mentioned previously, some multiple carrier communication systems use 

25 different baseband filters in each individual carrier generation path. These 
modifications are shown as examples so that similar modifications can be made 
by those skilled in the art to all drawings contained herein when generating 
multiple carrier signals with different baseband filters. When this is done, the 
functions g m , N must be modified to include an index for each individual carrier 

30 path or g k , m ,N. Unique coefficients, sampled with the appropriate upsampled 
coefficient index, are then provided to each multiplier 88 from the memory 56 of 
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each filter predictor 54 in each individual carrier path, as shown in Figure 30. 
Some minor modifications need also be made to the peak reduction block. 
These modifications are found in Figures 31 - 32 for two embodiments of the 
peak reduction algorithm block 58, corresponding to modified versions of Figure 
15 and 17, respectively. When using the peak reduction implementation of 
Figures 31 - 32, Equation (1) may be used. If the peak reduction approach 
found in Figures 31 - 32 is used with the reduction Equation (5) and (6), these 
equations should be modified using Equation (10) below. The rest of the 
operation of the implementation of Figures 30- 32 will be appreciated from the 
previous discussion of Figures 10, 15 and 17 and like numerals are employedin 
figures 30-32. 



Referring to Figure 33, an additional alternate embodiment of the invention 
will next be described. Figure 2 described above illustrates an application of the 
present invention in multiple carrier signal generation employing digitalto-analog 
conversion after signal combination. The previously described embodiments of 
the peak reduction unit of the present invention solve the peak power problems 
associated with such digital-to-analog conversion after multiple carrier 
combination. One problem not specifically addressed above is signal to noise 
reduction per carrier as additional carriers are added. When an output signal is 
produced by digital-to-analog conversion, the signal is not smooth but produced 
in steps. These steps are produced because the digitalto-analog converter must 
hold the output signal constant between the digitized time intervals. These digital 
steps produce noise at the output of the digtal-to-analog converter that is spread 
over frequency. Given the number of digitalto-analog converter bits, this noise 
level will remain relatively constant at the output of the digitatto-analog 
converter. As additional carrier channels are added in a system as shown in 
Figure 2, the power per carrier drops. This means that as carriers are added the 
signal to noise ratio per carrier drops. To eliminate this problem with digitalto- 



C = (A-gA) 



(10) 
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analog converters in multiple carrier communication systems, each carrier can be 
provided with its own digitako-analog converter, up-converted in frequency with 
its own local oscillator and combined at RF. 

5 Referring to Figure 33, an embodiment of the present invention is shown 

with multiple carrier generation where carrier combination is performed at RF. As 
illustrated, after the peak reduction stage 10, the signal generation proceeds to 
an upsampling stage 14 and a filtering stage 16 as described above in relation to 
Figure 2. After the filtering stage, however, the digital-to-analog conversion stage 

10 24 provides a separate digital analog converter 36 for each carrier. The plural 
analog signal paths are then provided to a combined frequency offset and up- 
conversion stage 140. At this stage 140 each analog signal path, corresponding 
to the multiple carriers, is up-converted through an RF local oscillator 40 and 
mixer 38 with each oscillator having a carrier frequeicy o) k corresponding to the 

15 carrier k. The RF signals are then combined at the combining stage 142 through 
an RF combiner 144. To accomplish peak power reduction using the previously 
described embodiments of peak reduction unit 12, both the digital processs and 
the up-converting local oscillators must be slaved off the same master reference 
clock 146 as illustrated in Figure 33. The local oscillators must not be just 

20 frequency locked or phase locked but both frequency and phase locked to a 
master reference clock. This local oscillator control can be best accomplished 
using direct digital synthesis of each local oscillator. If direct digital synthesis is 
used it may also be helpful to generate the combined output not at RF but at a 
lower IF frequency and then block uf>convert the IF carrier frequencies to RF. 

25 

A number of different embodiments of the present invention have been 
described in relation to the various figures. Nonetheless, it will be appreciated by 
those skilled in the art that a variety of additional embodiments are possible 
within the teachings of the present invention. For example, a variety of specific 
30 circuits implementing specific algorithms may be provided employing the 
teachings of the present invention and limitations of space pre>ent an exhaustive 
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list of all the possible circuit implementations or an enumeration of all possible 
algorithms. A variety of other possible modifications and additional embodiments 
are also clearly possible and fall within the scope of the present invenbn. 
Accordingly, the described specific embodiments and implementations should 
5 not be viewed as in any sense limiting in nature and are merely illustrative of the 
present invention. 
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WHAT IS CLAIMED IS: 

1. A multi-carrier communication system, comprising: 

5 a plurality of separate carrier signal sources, each providing symbols 
corresponding to one or more data channels; 

a peak reduction stage coupled to receive said plurality of separate carrier 
symbols and outputting peak reduced symbols for each carrier based on the 
10 effect of the other carriers; 

a frequency offset stage for shifting the frequency of each carrier signal; and 

a combining stage for combining the frequency shifted carrier signals into a multi 
15 carrier signal. 

2. A multi-carrier communication system as set out in claim 1, wherein said peak 
reduction stage comprises a phase shift circuit providing a separate frequency 
offset output for each carrier, a summing circuit summing the frequency offset 

20 outputs, an algorithm processor receiving the output of the summing circuit and 
calculating symbol adjustment values based on the output of the summing circuit 
and a peak power limit value, and a combining circuit combining symbol 
adjustment values and input carrier symbols. 

25 3. A multi-carrier communication system as set out in claim 2, further comprising 
a plurality of filters equal to the number of separate carriers coupled to the output 
, of the peak reduction stage and wherein said peak reduction stage further 
comprises a filter predictor for each filter, wherein said filter predictor outputs are 
provided to the phase shift circuit. 

30 

4. A multi-carrier communication system as set out in claim 3, further comprising 
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an RF up conversion stage. 

5. A multi-carrier communication system as set out h claim 4, wherein said RF 
up conversion stage is configured before said combining stage. 

5 

6. A multi-carrier communication system as set out in claim 4, wherein said RF 
up conversion stage is configured after said combining stage. 

7. A multi-carrier communication system as set out in claim 1 , further comprising 
10 a digital-to-analog conversion stage for converting carrier symbols to analog 

signals. 

8. A multi-carrier communication system as set out in claim 7, wherein said 
digital-to-analog conversion stage is configured before said combining stage. 

15 

9. A multi-earner communication system as set out in claim 7, wherein said 
digital-to-analog conversion stage is configured after said combining stage. 

10. A multi-carrier communication system, comprising: 

20 

a plurality of separate carrier signal sources, each providing a stream of carrier 
symbols corresponding to one or more data channels; 

a plurality of filters equal to the number of separate carriers each providing a 
25 filtering operation based on a filter impulse response function; 

a peak reduction unit coupled between said plurality of carrier signal sources and 
said plurality of filters and receiving said earner symbols from said plural carrier 
signal sources, the peak reduction unit including a plurality of filter predictors 
30 which provide predicted filtered outputs for each of said plurality of filters using 
filter coefficient values corresponding to samples of the filter impulse response 
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function of each of said filters, a peak reduction algorithm circuit block for 
receiving the predicted filtered outputs and determining peak reduction values 
for each stream of carrier symbols, and a plurality of combiners combining the 
peak reduction values and carrier symbols and providing peak adjusted carrier 
5 symbols; 

a plurality of frequency offset circuits equal in number to the plurality of separate 
carrier signals; and 

10 a carrier combiner for combining the outputs from said plural frequency offset 
circuits to provide a multi-carrier output. 

11. A multi-carrier communication system as set out in claim 10, further 
comprising a digitako-analog converter for converting the multi-carrier output to 
15 a multi-carrier analog signal and an RF mixer for mixing the multi-carrier analog 
signal with an RF carrier and providing a multi-carrier RF output. 
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12. A multi-carrier communication system as set out in claim 10, further 
comprising a plurality of up sampling circuits, coupled between the peak 
reduction unit and each of the filters, for increasing the sampling rate of the peak 
adjusted carrier symbols prior to filtering. 

13. A multi-carrier communication system as set out in claim 12, wherein the up 
sampled symbols are filtered at the up sampled filter rate. 

14. A multi-carrier communication system as set out in claim 10, wherein the 
peak reduction unit further comprises a plurality of delay circuits for delaying the 
carrier symbols so that the plurality of combiners receive the peak reduction 
values and the carrier symbols on a symbol-by-symbol basis in a time 
synchronized manner. 

15. A multi-carrier communication system as set out in claim 10, wherein at least 
some of the filters employ different impulse response functions and wherein the 
filter predictors receive filter coefficients corresponding to the different filter 
impulse response functions. 

16. A multi-carrier communication system as set out in claim 10, wherein the 
peak reduction unit comprises a plurality of weighting circuits for weighting the 
peak reduction values based on the instantaneous pover of each carrier. 

17. A multi-carrier communication system as set out in claim 10, wherein each of 
the combiners comprises a multiplier circuit and wherein the peak reduction 
value comprises a gain which when multiplied by the carrier symbol provides an 
adjusted carrier symbol. 

18. A multi-carrier communication system as set out in claim 10, wherein each of 
the combiners comprises an addition circuit and wherein the peak reduction 
value comprises a value which when added to the carrier symbol provides an 
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adjusted carrier symbol. 

19. A multi-carrier communication system as set out in claim 14, wherein the 
filter predictors include a memory register comprising a plurality of delay stages 

5 and wherein one or more of the delay stages comprises said delay circuit. 

20. A multi-carrier communication system as set out in claim 10, wherein the 
filter predictors each comprise a plurality of delay stages and a plurality of 
multipliers equal in number to the plurality of delay stages, wherein each said 

10 delay stage corresponds to a separate filter coefficient input, and wherein each of 
said multipliers receives one of said filter coefficients. 

21. A multi-carrier communication system as set out in claim 20, wherein the 
filter predictors each further comprise a summing circuit receiving the outputs of 

15 said plurality of multipliers. 

22. A multi-carrier communication system as set out in claim 21, wherein there 
are N delay stages, N multipliers, and N filter coefficient inputs, wherein N is the 
number of filter coefficient samples of said filter impulse response function. 

20 

23. A multi-carrier communication system as set out in claim 10, wherein said 
peak reduction algorithm circuit block comprises a phase shift circuit for phase 
shifting each filter predictor output and an algorithm processor for calculating 
peak reduction values. 

25 

24. A multi-carrier communication system as set out in claim 23, wherein said 
peak reduction algorithm circuit block further comprises a summer for summing 
the phase shifted filter predictor outputs and providing an output to said algorithm 
processor. 

30 
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25. A multi-carrier communication system as set out in claim 24, wherein said 
peak reduction algorithm circuit block further comprises a magnitude detection 
circuit for detecting the magnitude of the summer output and a comparator for 
comparing the magnitude of the summer output to a peak limit value. 

5 

26. A multi-carrier communication system as set out in claim 25, wherein the 
peak reduction algorithm circuit block further comprises a selector switch coupled 
to the comparator and enabling the peak reduction value to be output to a 
combiner when said switch is enabled by the comparator. 

10 

27. A multi-carrier communication system as set out in claim 10, wherein the 
peak reduction unit further comprises a plurality of feedback loops which provide 
the peak reduction values to the filter predictors. 

15 28. A multi-carrier communication system as set out in claim 27, wherein the 
filter predictors each include a memory register comprising a plurality of delay 
stages and wherein the feedback loops provide said peak reduction values to 
said memory registers between the delay stages. 

20 29. A multi-carrier communication system as set out in claim 28, wherein the 
peak reduced carrier symbols are output from the memory registers. 

30. A multi-carrier communication system, comprising: 

25 a plurality of separate carrier signal sources, each providing a stream of carrier 
symbols corresponding to one or more data channels; 

a plurality of up sampling circuits corresponding to the number of said plurality of 
separate carrier signal sources for increasing the sampling rate of symbols input 
30 thereto and providing up sampled symbols; 
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a plurality of filters for providing filtering operations based on one or more filter 
impulse response functions and employing filter coefficients corresponding to a 
timing based on said increased sampling rate; and 

5 a peak reduction unit coupled between said plurality of separate carrier signal 
sources and said filters and receiving said carrier symbols from said signal 
sources, the peak reduction unit including a plurality of peak reduction stages, 
each stage predicting the effect of the filters on the data symbols using filter 
coefficient values of said filter correspond hg to a portion of the total number of 
10 sample points of the filter impulse response function to provide predicted filtered 
outputs and providing a peak reduction processing based on predicted filter 
outputs, the peak reduction unit providing peak adjusted carrier symbols after 
said plural stage peak reduction processing to said filters; 

1 5 a plurality of frequency offset circuits, equal in number to the number of separate 
carrier signal sources, for forming frequency offset carrier signals corresponding 
to the peak adjusted carrier symbols; and 

a combiner for combining said frequency offset carrier signals to form a multi 
20 carrier signal. 

31. A multi-carrier communication system as set out in claim 30, wherein said 
plural stages of said peak reduction urit are provided in series. 

25 32. A multi-carrier communication system as set out in claim 30, wherein said 
plural stages of said peak reduction unit are provided in parallel. 

33. A multi-carrier communication system as set out in claim 30, wherein each 
stage of the peak reduction unit comprises a plurality of filter predictors receiving 
30 filter coefficients corresponding to a portion of the total number of sample points 
of the filter impulse response function and providing said predicted filtered 
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outputs, and a peak reduction algorithm circuit block for calculating a peak 
reduction value based on the predicted filtered outputs provided by the filter 
predictors. 

5 34. A multi-carrier communication system as set out in claim 30, wherein each 
stage of the peak reduction unit applies N filter coefficients to said filter predictors 
corresponding to N sample points of the impulse response function. 

35. A method for signal peak reduction in a multiple carrier communication 
10 system where the individual carriers are produced from input symbols that are 

filtered to reduce individual carrier bandwidths, offset in frequency, and combined 
into an output signal, comprising: 

predicting the effect of filtering on input symbols for each carrier and providing 
15 predicted filtered symbols for each carrier; 

phase shifting the predicted filtered symbols by a separate amount for each 
carrier; 

20 combining the phase shifted predicted filtered symbols; 

determining peak reduction adjustment values for each carrier based on the 
amount the combined phase shifted predicted filtered symbols exceed a 
threshold peak power value; and 

25 

adjusting the input symbols using the peak reduction adjustment values. 

36. A method for signal peak reduction in a multiple carrier communication 
system, as set out in claim 35, wherein the act of adjusting the input symbols 

30 comprises adding peak reduction adjustment values to input symbols for each 
carrier. 
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37. A method for signal peak reduction in a multiple carrier communication 
system, as set out in claim 36, wherein the act of determining peak reduction 
adjustment values comprises determining a single peak reduction adjustment 

5 value and phase shifting the peak reduction adjustment value by a separate 
amount for each carrier to create plural peak reduction adjustment values. 

38. A method for signal peak reduction in a multiple carrier communication 
system, as set out in claim 35, wherein the act of determining peak reduction 

10 adjustment values further comprises determining a weighting value for each 
carrier and weighting the plural peak reduction adjustment values by 
corresponding weighting values. 

39. A method for signal peak reduction in a multiple carrier communication 
system, as set out in claim 38, wherein the act of determining a weighting value 
for each carrier comprises determining the instantaneous power of each carrier 
and wherein the act of weighting the plural peak reduction adjustment values by 
corresponding weighting values comprises multiplying the peak reduction 
adjustment values of each carrier by the instantaneous power of the carrier. 

40. A method for signal peak reduction in a multiple carrier communication 
system, as set out in claim 35, wherein the peak reduction adjustment values 
comprise peak reduction adjustment gain values and wherein the act of adjusting 
the input symbols comprises multiplying input symbols for each carrier by the 
peak reduction adjustment gain values. 

41. A method for signal peak reduction in a multiple carrier communication 
system, as set out in claim 35, further comprising repeating the acts of predicting, 
phase shifting, combining, determining and adjusting a plurality of times 

30 employing different filter coefficients. 



48 



3!XOID: <WO 0199293A2.L> 



WO 01/99293/' PCT/US01/19463 



42. A method for signal peak reduction in a multiple carrier communication 
system, as set out in claim 41, wherein the plural repetitions of the acts of 
predicting, phase shifting, combining, determining and adjusting are performed in 
series. 

43. A method for signal peak reduction in a multiple carrier communication 
system, as set out in claim 41 , wherein the plural repetitions of the acts of 
predicting, phase shifting, combining, determining and adjusting are performed in 
parallel. 
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KEY 

A = combined weighted symbols 
B = combined signal output 
D = combined neighbor effect 

[difference (B - A)] 
g = gain adjustment to weighted symbols 
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